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Specific Heat Warm up Qs



Specific Heat Calculations

How much energy is needed to increase the 
temperature of 0.755 kg of iron 20 K?

How much energy must a refrigerator absorb 
from 0.225 kg of water to decrease the 
temperature of the water from 35 °C to 5 °C?

Materia
l

Specific Heat 
(J kg-1 K-1)

Aluminum 910

Copper 390

Iron 448

Lead 130

Water 4180

Air 1000

Dry Earth 1250

 

 

 

 



More Specific Heat Calculations

Air has a density of 1.3 kg m-3 and a specific heat capacity of 1000 J kg-1 K-1. If 500 kJ 
was transferred to a room of volume 80 m3, what was the temperature rise?

How long will it take a 2.20 kW kettle to raise the temperature of 800 g of water 
from 16.0°C to its boiling point if the specific heat capacity of water is 4180 J kg-1 
K-1?

 

 

 
  

 

 

 

 



Conservation of Heat

If our system is closed to the surroundings, heat must be conserved

Heat energy lost 
by the metal

Heat energy gained 
by the water



Conservation of Heat

Heat energy gained by the water = heat energy lost by the metal

If you have 0.05 kg of water at 20°C and you put in 0.031 kg of 
an unknown substance that is originally 100°C, you measure that 

the final temp of everything is 25°C. What is the unknown 
metal?

Step 1: Find the Heat Energy of the Water Specific Heat of Water

4180 J kg-1 K-1

 

 



Conservation of Heat

Heat energy gained by the water = heat energy lost by the metal

If you have 0.05 kg of water at 20°C and you put in 0.031 kg of 
an unknown substance that is originally 100°C, you measure that 

the final temp of everything is 25°C. What is the unknown 
metal?

Step 2: Using the heat energy step one. Find mystery 
specific heat

Specific Heat 

(J/kg*K)
Water (liquid) 4190
Steam 1870
Ammonia (gas) 2060
Ethanol (liquid) 2440
Aluminum 897
Carbon (graphite) 709
Copper 390

Gold 129

Iron 448

Mercury 140

Lead 129

Silver 234

 

 



Conservation of Heat



Specific Heat Lab

Measure the specific heat of the metal nuts

Mass 0.06 kg

Initial Temp 20°C

Final Temp 32.42°C

Change in Temp 12.42°C

Mass 0.12 kg

Initial Temp 100°C

Final Temp 32.42°C

Change in Temp 67.58°M
et
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Specific Heat of Water

4180 J kg-1 K-1

Specific Heat of Metal
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Review of Specific Heat

Quantity Symbol Unit

Heat 
Energy

Q [J]

Mass m [kg]

Specific 
Heat

c [J kg-1 K-1]

Change in 
Temp

ΔT K or °C

 



Warm Up | 1

A 5 g lead bullet moving at 263 m s-1 is stopped in a block of wood. All of the 
kinetic energy goes into heat energy added to the bullet. The initial temperature 
of the bullet is 24 °C. What is the final temperature of the bullet in °C? 

Specific Heat of Lead

128 J kg-1 K-1
Kinetic Energy (KE) 🡪 Heat Energy (Q)

 

 

 

 

 



Warm Up | 2

 



Heating Curve

Heat Added

Te
m

p
er

at
u

re
 (

°C
)

0°C

100°C

GAS

LIQUID

SOLID



Melting Point

Plateau: A state of little or no change in a graph. This 
indicates a change in state of matter. 



Why a Plateau?

Bonds are breaking as solid 
changes to liquid and then 
again when liquid changes to 
gas. This takes time!



Adding Heat | Internal Energy

E
INT

 = E
K
 + E

P
All heat added becomes 
internal energy

Changing the temperature of the solid, liquid, or gas?

Causing the substance to change 
phases?

Changing EK (Kinetic 
Energy)

Changing EP (Potential 
Energy)



Specific Latent Heat

Specific Latent Heat is the amount energy transferred when 1 
kg of the substance changes phase at a constant temp.

Melting or Freezing Latent Heat of Fusion L
f

Boiling or Condensing Latent Heat of Vaporization L
v

Specific Latent Heat for Water 
(H

2
O):Latent Heat of Fusion 334,000 J kg-1

Latent Heat of Vaporization 2,260,000 J kg-1



Specific Latent Heat Equation

Quantity Symbol Unit

Heat 
Energy

Mass

Specific
Latent Heat

 

*This equation works for 
heat energy gained as 

well as heat energy lost*



Heating Curve

Heat Added

Te
m

p
er

at
u

re
 (

°C
)

0°C

100°C

Gas Changing Temp

Liquid Changing Temp

Solid Changing Temp

Q = mcΔT



Heating Curve

Heat Added
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Melting/Fusion

Freezing

Vaporization

Condensing
Q = mL



Try This…
If the latent heat of fusion of a certain kind 
of chocolate is 160,000 J kg-1, how much 
thermal energy is removed from you when 
a 10 g bar of chocolate melts in your 
mouth?

 

 



Specific Heat Combined

 

Heat Added

Te
m

p
er

at
u

re
 (

°C
)

0°C

100°C

Sometimes, the heat that is added 
is used to change temperature 

AND cause a phase change



Try This…
How much heat is needed to transform 0.5 kg of ice at -20 °C into water at 50 °C 
?

Specific Heat of Ice 2090 J kg-1 K-1

Specific Heat of Water 4180 J kg-1 K-1

Latent Heat of Fusion 334,000 J kg-1

Latent Heat of 
Vaporization

2,260,000 J kg-1
 

 

  

 

   



Evaporation vs Boiling

Evaporation: Boiling:
• Occurs only at the surface of a liquid
• Can occur at any temperature

• Bubbles form throughout liquid
• Occurs at a precise 

temperature

KE is high enough for molecules to form 
bubbles within the liquid 

Some molecules have a 
KE high enough to escape 

and become a gas

When these faster molecules are lost, 
the average KE of the liquid decreases, 

resulting in evaporative cooling



Example IB Questions

L 🡪 [J kg-1]



Try This…
How much heat is needed to transform 1.4 kg of water at 23°C into water vapor at 120 °C?

Specific Heat of Water Vapor 2000 J kg-1 K-1

Specific Heat of Water 4180 J kg-1 K-1

Latent Heat of Fusion 334,000 J kg-1

Latent Heat of Vaporization 2,260,000 J kg-1 

 

  

 

   



Kinetic Gas Theory 
& The Mole
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Warm Up

A liquid in a calorimeter is heated at its boiling point for a measured period of 
time.

The following data are available:
Power rating of heater  = 15 W = 15 J s-1

Time for which liquid is heated at boiling point = 4.5 × 102 s = 450 s
Mass of liquid boiled away= 1.8 × 10–2 kg = 0.018 kg

Use the data to determine the specific latent heat of vaporization of the liquid.

 

 
 

 

 



Kinetic Theory of Gases

Assumptions:
• Large # of identical molecules
• Volume of molecules is 

negligible
• Motion is random
• No forces between molecules
• All collisions are elastic

Kinetic Energy is conserved

Ideal Gas
If these assumptions are true we have an



Review of Momentum / Collisions

v
i
 = 8 m s-1

v
f
 = -8 m s-1

 

m = 5 kg

Δt = 0.2 
s

What is the force of this ball on the 
wall?

 

 

 



Pressure

When many molecules collide with the sides of a 
container it is measured as pressure

 

Quantity Symbol Unit

Force

Area

Pressure =



Units of Pressure

There are several different units used to 
measure pressure of a gas

1 atm = 101,325 Pa = 760 Torr = 760 mm 
Hg

100 kPa is a pretty good approximation



Atmospheric Pressure

What is the force from atmospheric pressure on this 
doormat?

0.76 m

0.43 m

0.33 m2

 

 



Temperature Review

Temperature is the average kinetic energy 
of the molecules of a substance

Measure of how hot or cold something feels

Kelvin Scale (K)

Absolute 
Temperatur

e



Average Kinetic Energy

 

Quantity Symbol Unit

Average 
Kinetic Energy

Absolute 
Temperature

 

 



IB Physics Data Booklet



Try This | 1

Calculate the average translational kinetic 
energy of molecules in the air at 27°C

 

 

 

 



What is Kinetic Energy?

 
 

 

 



Try This | 2

Calculate the average speed for oxygen molecules at 0°C. 
(the mass of an oxygen molecule is 5.32 × 10-26 kg)

 

 

 

 

 
 

 



Which molecules move faster?

H
2
 gas at 23°C

H
1

1.01

O
2
 gas at 23°C

O
8

16.00

 

If the gases have the 
same kinetic energy 

(temp), the lighter one 
must be moving faster



Grouping Items

We can use many different terms to describe the 
amount of substance.

A pair of shoes

____ shoes

A dozen roses

____ roses

BONUS!

A Baker’s Dozen = 13  

A Score = 20

A Gross = 144

2

12



Counting Atoms

The primary counting unit for atoms is called

The Mole
 1 mole = 6.02 × 1023

This is also called Avogadro's 
Number named after the scientist 

who first proposed this concept



How Big is a Mole??

602,000,000,000,000,000,000,000



How Big is a Mole??

Taken from the 
book “What if?” by 

Randall Munroe

https://what-if.xkcd.com/4/


Using Moles in Chemistry

Atoms don’t weigh very much on their own:

1 Carbon Atom = 1.9927 × 10-23 g
0.000000000000000000000019927 g

1 mole of Carbon Atoms = 
(1.9927 × 10-23 g) × (6.02 × 1023) = ~12 g

Where else have you seen this 
number for Carbon?



Example IB Questions



Molar Mass

Molar Mass – the mass of ________ of a substance

Molar mass of N = 14.01 g 
mol-1

Unit g mol-1

Molar mass of S = 32.07 g mol-1

1 mole



Molar Mass

1 mole of copper can be 
represented by this stack of 
pure copper pennies

How many atoms are in 1 
mole of copper?

6.02 × 1023 atoms



Molar Mass

1 mole of copper can be 
represented by this stack of 
pure copper pennies

What is the mass of one 
mole of copper?

63.55 g



More than one mole…
How much mass would 3 moles of Copper have? 

How many moles are in 28 g of Nitrogen? 

 

 

 
 



Example IB Questions

 

 

 

 



Gas Laws
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Warm Up

Calculate the average speed for nitrogen molecules at 20°C. 
(the mass of an nitrogen molecule is 2.3 × 10-26 kg)

 

 

 

 

 
 

 



Warm Up

How many grams is 2.7 moles of the diatomic form of oxygen (32 g mol-1)?

O
8

16.00

 

 



Ideal Gas

Assumptions:
• Large # of identical molecules
• Volume of molecules is 

negligible
• Motion is random
• No forces between molecules
• All collisions are elastic

No longer ideal 
when…
• Compressed

• Molecules close together

• Close to Phase Change
• All internal energy is from Ek



Boyle’s Law | Volume and Pressure

 

Volum
e

Pressur
e



Boyle’s Law | Volume and Pressure

When diaphragm contracts the lung 
volume increases, decreasing the 
air pressure inside. With a pressure 
differential, air flows into the lungs 
(high pressure to low pressure)



Pressure Law | Temp and Pressure

 

Temperatur
e

Pressur
e



Pressure Law | Temp and Pressure

If temperature exceeds a certain 
amount, the increasing pressure 
could make a pressurized container 
explode!



Charles’s Law | Temp and Volume

 

Temperatur
e

Volum
e



Charles’s Law | Temp and Volume

When the temperature of the air inside a 
balloon decreases, so does the volume. (this 
effect is even more dramatic when the gas 
condenses into a liquid)



Ideal Gas Law

  

 

 



Ideal Gas Law

Quantity Symbol Unit

Pressure

Volume

Amount

Temperature

 

R = 8.31 J K-1 mol-1
Gas Constant
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Try This

What is the pressure of 23 mol of a gas 
behaving ideally in a 0.25 m3 container at 310 

K?

 

 

 

 

 

 

 

 



Change in Volume

A fixed mass of an ideal gas has a volume of 0.14 m3 at 
301 K. If its temperature is increased to 365 K at the 

same pressure, what is its new volume, V
2
?

 

 

Rearrange so constants 
are on one side

  

 



Try This

A sample of ammonia is found to occupy 0.250 L under 
laboratory conditions of 27 °C and 0.850 atm. Find the volume 

of this sample at 0 °C and 1.00 atm.

 

 

Rearrange so constants 
are on one side

 

 

 



Draw these graphs

 

 

   

  



Related Constants

R = 8.31 J K-1 mol-1
Gas Constant

𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛′ 𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
k

B
 = 1.38 × 10-23 J K-1

 

 



Average Kinetic Energy

 

R = 8.31 J K-1 mol-1

Gas Constant𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛′ 𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
k

B
 = 1.38 × 10-23 J K-1

Same Constant Value



IB Physics Data Booklet



Example IB Question


